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PURPOSE: To provide an FPGA construction equipped with 
an antifuse element 

capable of accurately operating at a predetermined program 
voltage and its 
manufacture . 

CONSTITUTION: An opening 5 is formed in an insulation 
film 4 covering an 

aluminum wiring 2 in a lower layer; a Ti/TiN barrier metal 
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layer 17 is formed 

over an exposed aluminum wiring 2, and this is used, as the 
first electrode of 

the antifuse element. An antifuse film consisting of a 
silicon nitride film 20 

(0 . 6≤N/Si≤ 1 . 2) is formed over it. Then, barrier 
metal layers 18 and 8 as 

a second electrode are formed over the layer and come into 
contact with 

aluminum wiring 11 in upper layer. Since a barrier metal 
is used for 

electrode, the occurrence of hillock on aluminum wiring can 
be prevented. By 

making the opening 5 to a tapered shape, a wire cut off at 
a level difference 

inside an opening of antifuse film 20 can be prevented. 
This antifuse film is 

characteristic in that it has a dielectric constant lower 
than that of 

amorphous silicon, a high electric resistivity and a 
desired breakdown voltage. 
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t. 
t. 

msm2ff)Tf^-^Ami<o±izm^ii. z<7>m2 
t. ®msiRt/m2(?>WBkbtmLx^&Ty*t2. 
memiMfm2comm±. T/n—v&j&tttxv 

fc^If«<N/Si)*''0. 6*>£>1. 2<0 

mzt> zmtis y 3 v s-ffl^s £ t £mmt-r&*m# 
mm. 

immi *mmmt. 
m^mimR±.izm^titimi(OTtu^-^M.sj& 

<m-^-^j±w&bwm\zm&iy.t& i w«s 
mtf^tmm±izBf8.2ti. mem i (omeat/si i 

com2cO«ffit. 

m2<r>T?\s$-vj>mit s-fig*.. 
fj^i&ixm2io«ffitt, r^s-^Atstts^u 

fc^e^fifflJfcJt (N/S i ) #0. 6*»&1. 2C0 



[fS£JS3] ^ft««<?>±8ff.tfcSiltf>T^$-'> 
ABafcJftaWSIgl:. 

l5iemi<7)T;PS->>Aai|co±fc:, i^miOT^S 

-?Affit&fclt«Wt;:«g££*l*;Jfl 1 O^g^^-fS 

m&mizffifi$iimi&,ixme& i <d«s^^w 
fc^aj^&xgfc. 

mjmwsj:.izmm i <o«gfc liiwiaimiatert- lt 



ffi£jft£t*xgfc . 

B«iB##«c»«iit=lli^2^«fiit«jiH-Sm2<0T 

isiam i 2 ^whit/p $ &tzm-&'< y r 

*<9®?fflj£Jt(N/Si)#0. 6*61. 2«C 

&mti-zmm3 izEm^mtmmcom^-m. 

[0001 ] 

mttl^mmizm. fc<£. FPGA (Field Pr 
ogramable Gate Array ) cr>tmRV*(rm&1jW;tzm 

[0002] 

^znx^iv^mmximmm^*). mm 
m (#ra^A4t%) ict>^xi&mi>L<immn. 

©Hfi:fl:LT^i«ffit^s«m«^To^5ABrig^ 

ROM^t'^PROMfcrffl^^. $61;:. jBPCtty 

(Computer Aided Design)±-Cft 
!&.Lt:tim'W-yZvX7izLXimiT^tt#>. 

m&Jz$<zz>tmizi>&. -e-rr. a&spa.— 
x ? turn? h zt%< s&zmwiTZ hxo &t?feF 

PGAt^bKhy-VTU4im8&iXtZ. FPGA 

hiioiz, jmtmmitLxjemztvk2m<r> 
fflmtm?mz&mi. ^m'm^Aizti^xsm 
40 fflnmm&mizmuzm^ zz£mwsm#8j& 
mzitm-h x o izffif&t$tuz¥m#i- v T*&m- 

[ooo3] z ^smmmftcomimE: z mm l 

x-b h . z crftmfo^ -y rtzimmnm-jaoimmz 
^<nm<nw£k mai-^tzibcDmmimm^tix t » 

50 JirfS^aSrffl^TeScT^igSr^a^^^-tT^ 
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v%w?m&£mi-?mti t x'*h. ^j^&fpga 

[0004] L*r* s ->TT>"f-b *.-XX?£9g£3*i 
S^ttfc LTtt. ftJfclD, ( 1 ) tWHOKcfev^T 
fcL IfiS *> L < «-HWc©fil)i«»fc& 6 £ k „ ( 2 ) 
jftMcOXoX? A«ffi-e#jfrt & £ t » ( 3 ) r n X5 
A^fc^Sftfcryf-bjL-X^ffcfc, 7D/5A» 
T*fctt*W^4^«IHrcfc* £ k . ( 4 ) 7n 

fc L< ttSJHStt^*H*-rs £ t , ( 5 ) ^NWUOK) 
Tyf-bA-Xig^^Ki^yxj&^VVrfc&i: 

3^ F-XH^y^y^ytAlSStt. A IBS t A 

a. ryf-hA-x^^nigtcLsirtfcfflv^^ 
3\ lu^ryf-bjL-xs^tcs^^ii.&^tts-. h 

[0005] Srtf 0|;t*f . «»X{±j«8iiiaMi. 

u ^«f&offiti#^<&'9. ^ary^-bi-xco 

llffltoBTIi. fi<fr»£fc#. 

«ft«f**£f:t4Tifr»r**). iffii^^tt ( i > ~ 

( 5 ) <OV^tfi#S:S<^T-«^OSSWi^i 0. 
ffl&fcJSCT&ii&Tyf-b A-X*^5-SfitL^r»th. 

[0006] CWTyf-b j.-Xff^li^J: 9KF 

il&ltttML ( a ) iajOTtffi<oryf-h i-XS^F 1 « 
3&90fit£Rint >1G^. (b)7D/7if|EV 
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pp<2 0V (SMJtCtt. »HWWEVddfc*tl/C. 

1. 5Vdd<Vpp<3VddT'&&. ). (c)7d/7 
A£*l£SSl7 Vf-h a.-X*f 1 fflSfc 0 <0iSSlRon 
< 1 5 0 £2 , ( d ) Tn?yJ»Ztito)^t:l&mT> 
f-b a-XJIf? IBS 0 (OfiSiRoff > 1 G Q „ 

( e ) ^I7>fh *-X*F 1 ffl^fc 0 <tfg»Cof 

f <3 f f . ( f ) ftmMTy+tjL-xmm. m% 
EiBaMWfcawwcvdircio^iaRoff 

V-YTV-i (ga) ffiffry-u-txttnjsm&t'fr 

[0007] Hi 5*»Rl,Tflyw>A 1 SMtt:rt& 
5-^T^bjL-XSiV^W^ISrmBW-S (U 
SP5 1008 27^HB8tt#»B) . i,yayim#m 

« 1 O±fc»j£3ft*:T«<0 A 1 SS 2 Jtfc>< 'J * 
20 ;Wf (TiW) 3^Jft«§^t^--yrLTT^f-b 
a-Xtf^ 1 mSfc LTAlf 

mxmiz x ^muLxmmm^Thhr^y rx 
tihcomftubx-bz. zcom®±izmicrmm4 
x. mi<7)W&w)T*7frm3co$mt:~umiiiz 

•frS. £*k 5\*m<T ; zvyTX>'Vay<7)ffimiz 

30 £.mi<vtmm4comti.miu$5te>TX'<t>h 

^^UiZffiTf.T^vyrx^) 3>tm&£5lZJ*? 

<kt&ttMzmtom7 zimvtiwvj t* t^ms* 

TTEOS) 9&m*-1tX'VJT*fA,m8Zim 
U Z(Vimm9£T*fryTXi'V3y6±<?MnM 

i otiw-t*. s^t. m2rtmm9±.iz±m<?)A 1 
40 esi iSr*«L, A^-^v^-rs. zvmzvxm 
ffiitcosv^ a i ssfc a i smt cQffliz®m$ti& . 

[0008] 

[l&WWifcLJ: p fc-t^IRS] icofi£*0H«. A 1 ffi 

0«Stt<7)«^ryf-b jL-^R7t9SHd«TV«« 
*>\ FPGA|fl£7)ry^-bi-X«^t LTTn-feXW 

50 mmtlXT&uyTXi/VayzmSilX^htf. 
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(N.Sawides.J.Appl.Phys., 56,2789,1984) . Mlti. ^3*l£J&2tf>£igfc . rnlB&l&tX3i2<omtefc«tt 

*sittf>£waa*o %&t> i o%t^-rs t . r^vy LT^sryf-b .i-xist imt. tmm i &tf&2 

<r>%fr ( a ) £#f fc-tfcJ6fc;IOT£St nmKSlOO 0 . HUffiT y?-b .x-XHJi. y 'J 3 y t M^COJI^ffl 

o n n*t«(tstwwiift«v>. jsncoig-ett fiKit ( n/ s i ) *»'o . 6*^ i . 2<nm,zhhm^ 

Wiratxt*^^^ r^y 'J 3 VttAS; [00 11] *m#m&.t „ HS*#««J:tc 

ttfbhv. z<r)*mm<7ymwmL< . l^t. 10 »j£3*i£m<oT;i^-<>AEi&i. M2mi<oT^ 

ntzmm-et>?>t^offlm&h&. utizmtfizti. frsm 1 vywstmrm icotjus. -*y 

[ 0 0 0 9 ] t fc . Hffifc LT A 1 A 1 AB**Kffr&lfilM2: . MEIfegMlit^SnBJ 

moMx-A i to^Aitt, ^cobD-y^'ryf- WALx^hry^ i-xist . fftery^bA-x 

b A -X#££^§&(t2,£fc^:fr#±£&|3MT';& ISJit»)S?^#Jit,L<««Jlc7)^2«mffii:. I? 

£*ui. ryf-bi-xs^iow^s^^SE m^mimm±izm^ti. mz%2c?>9mtimt& 

T. T*/k7TX^y:3y£McJ£«$tf6^gfcL 20 7fr§-VJ>£&1'&rtV7X?Mtf>t»K!:*), 

X. 7yi-t3.-XBl8Mft<7>ffilM<?>7X^?httZ ms£Tyi- ta.-xmit. S'U syfc^g^JStfSSJ&t 

l/2JaT*cLT^£# N -<9J:3&:fiFSrC*>Bi?L&<7> (N/Si)#0. 6A>£>1. 2«HtftSIftx'l3 

Xy^SST'tOTt/^rX^ynycT^^ie^^ti y£Jf§V>S::fc£m2<72ft8fci:L-CV>S. *?MBc^# 

■f-H)-=3r?L*^# fewest $ ^ $mtzF pg mmcrm&xmtt.. ^mtmRco±m±izm 1 ot/p 

Ag,fpi5:^rS|gfc. la»<OGAXo-bXtry^b S-7A£it8£©Ji£f Slgfc , «EW1»TA'5=«> 

z^mtz. a i gasst^ s^s^is i <vm!&mj&t&xnt . mM^mm 

tt*>*i6Ty^b i-XS^flfjt^To-fcXT-li. H S±(cff£m 1 <o«fiyy/m 1 <or^5-^Ai5S$-» 

BffcF PGAfcJBHj; d b-th t . «*«0Xo-bxtS S-TSi: d fc^Sgfg^m-f Sigt . |?S»SSIgfcPH 

£1z. %fcLfcm?Zmm-ht^ofiX!Sl 30 ?l^SrmLTmElgl<0«®$-g|J^t|iajS-ii-i > x 

ofc. ras^i; LTIiXa-bxt^Srr yf-b gfc „ mgmmhtmsm l OlMfc f±mieg!fiFL&£ 

■x-X&<H#S,Ifc, AlSe«Lt.<Obo y^<0|^i&|» LT^LTV^Tyf-bi-X|g£X7XvCVD 

ih-*-* - fc . ry^-b *-xmtmsttztmc% mm mtfitzxnt . tEryfb ^-xj^htwi 

v^b'r^^-rsct^t'^i,. *igBHji x mm±izti^2<7)w&timt&m2<?)T>i>$-*7 

KmmzxixKztvrz^nxfo*). &%xtr>r>m&> J±^zmmhjmt*ffitmmi\mft2<7)w& 

XPbXt<0S^*5f:<utTy^b J L-XS^fllit& it7?l>$-<;Mzm-&>VJ7X?>W(>%*). rolBT 

fOO 10] i)*«0. 6*><5>1. 2ffMlZb&mft.i'V 3 y^ffi^ 

[ii^^»»t-r4^y><?)*a]2|£^i. ^i<7)Sffi/ 40 4^t^®fcLTv^„ i5ieiBaa5<?)»K^Ta5Sj; 

r y^-b ^-xw/%2aMwm<ryry^ *-xm o±a5pg^^'is< *s i o ^^-/^ lt t s 

^Ty+tsL-xmizi'Wymim mu 1-2 i\ 

SN/SiS0. 6) «ffiWiT^5^A(C [0012] 

m-&'<\)T**fr*mw st. ry^-bi-xs^ [#«] ry-f-h^-xm^ryi-h^-xmt ix 

*w&zti&mfswmm?)miimif--'y£iztz>z t mmmcmti" viytrm^iztizj; oig^ry 

iztmrnz. -tzh-h, xmcr&mttmmi, *m ^ ti -x#^t ix<vm < a > - < f > 

-«>Asi8i: . ffriem i <r)7>u$->>Afflii<o±.mi8. ims±izm^ttfiT)^-^Asmiiz^s^tih 

zti. znmi<r)7>\s$-*/&mitm%mtzmwi$tL iamwt, Tn^-^j^smnzm&^tit7y 

fzmie>m&t. mzimftm&i±izBf$.zjxt:&2cr> 50 f-bi-x*^omffiK«. t^s-^a^^^^i, 
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[0013] 

m&. FPGA*4T<o^f^fi?>^ftg8LBc» 

zztz¥Fmt$m&jmt&. ¥mtims.i<?>3miz 
a. isam o o n mwmom^y * ->v vwm 1 2*5 

ttftSfiTV**. i$l>lz. ¥£ftg«l±fc»;L (H*. 
tf. Z<r)?<-)VYWm \ 2±iz. ¥mim&Lllz& 

»W8*1/0*4WI4 0 0 nmggWJ ^Dti^E 
H13*5JBj£$*rO^. -I^DvDnyffiJii 3£ 

#tf>T^f*^Kl±fc:. CVD (Chemical Vapour De 
position) 3rfc'fcJ:DSiO2|gig|gl4£300nm 

(OBPSG (Borophospho-Silicate Glass) tf>fg8|gl 
5aW»ft3*iX^4. ^UM)3yESl3fc«Sl«{c 

ssg3*i?n&K«8 o o n msi<oi 1 tvps-^a 

Ei&2*5j&£$fVCV>&. 

[0014] mi T^5- 1 >ABBK2c7)Ttt!^tc«i. m 
T i /T i NADT-* 1 6** 2 0/7 0 n 

±£*> 2 0/7 0 n mSmK<0T i /T i NAy ? 
/WIl 7*5Jgjft£irCUS. ;w<'J7^^I17 
ii. Tyf-hjL-X*i^)mi(?)«ffii:^S. .KDlgl 
5 -*r ae& 2 £»gr6 idtcBPS G*g|§fi 1 

5_t£TEOSSI*>;>3:.&S iO z ffiSK4^«-r 

5. z<mm4<nmi<r>&$zmm<iz^i-yri, 
-cad T**n,m 1 7o^M*^aj-rs i 3tcis?La55 

i&lfh. K^PifilfttMN/SDtfO. 6~1. 2?) 
S^D 3 >gft|g*^«j£$iU;T^-h i-XM2 0** 

IWL^ 5W) tx 9>m 1 7 mvwm* ±izm®. 

ZtlX^Z* ZLX. <?"<0±t;:2 0/7 0nmJigg<7) 
Ti/Ti NAD ?/WJf 1 8imf£.ZtlX^& . A 

d 1 8 ^ten-ri, i o izimm ±i=. gut 
ar. teosm^&ss i o 2 leum 9^«as^ 
h. zvmmi -rc^ttiftfTEo 

SB|*^&£|^*ijfc5 0 0nmtf)SiO2 i&HJK2 1 
Sr^-TS. CcOi^SKl 9 . 2 KOBrJg^tffcjgiR 
WCx yf-y/LTAD T* ?/Hg 1 8<9#iffi**savr 

Sct^tiBfL^i o 
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[0015]*6*|§i2 1±. ffi*iffitl9, 2 1*C«*j£$ 

it^iM^i o«i±ayiSFLa5i ort-csaiLTv^ 
ad *)vm 1 8<7>nffi±{c 2 0/7 0 n mggojf 

^W-f&Ti/TiNADT^/PJlSfcJgjftU «I 
*i£T«H t LX*cr)±izWm) 1 0 0 0 n mco^ 2 T 

ayADT^wnsji, wmztixti*). ry^t 

*-Xm : Fcr>m2<Dmfe£ffif£.LX^&. S52T/U$- 
•>Al!l8i l^Jftg-rsidt. it, TEOSjg*^ 
10 &&gW5 0 0nm;g£tf>SiO2 «&gjg|2 2£$i£ 

m2 3mf8.LX$m*£Mibth. 02£# 
BStTIB2<^IS6l«tov^iftBH-rs. BfcL FPGA 

i -)v Ymmmxm t^. ^mwm. 1 ^ 

±ffit»i. BPSG|ggKl5*^j£$^TV^. -f<0 
±fc^8 0 0 nmgl^l T)l>$i-*7J>j&&21ffi 
tf&tlX^h. mir^5->>A^20Tfl6«W4. 
20 Ti/Ti NAD 7*^ 1 6*^2 0/7 0 

nrnfflmtftZtlX^Z. Z<r)miTt\s$.-VJ>&&2 
<7>±lZi> 2 0/7 0 n mmg&(T)T i /T i N A'J 
^» 1 7 *5J&£2 ixT V . 
[0016] Z(W<*) TXffrm 1 7t±„ r^f-bjL- 

xmnom i =sr& . i r;P5 -^aeh 

2SrSStSJ:3fc:BPSGffi»Ml 5±fcrSi0 2 Jfe 
Slg4*5jg)S$^TV^. ^<0«^)S4OWS^)a5^ 
SS?Wtcx f-y ^ LT A»J t* 9^m 1 7 eMMAm 

as-rs <k 3 fcisLaj 5 . ^oK^a^it ( n/ 

30 Si)*50. 6-1. 2<0vD3y^<fcM*^«jS§#l. 
Jtryf-b J.-XM2 0*5g§ft&4cDADT;><*7Wf 1 
7±&lf^K4±t»)K$<X-CV^. -3V^<0±fc 
2 0/7 0 nmffgjgtf>T i /T i NAD TX 9)VM 1 

smmstix^t. mwxoiz. z<mfw>±M<?> 
mum<r>uw&. racoisfficopgj: <o±z<Lxt& 
m&4(rmiM£7—>yiitz%~>xm. z<r>±.m>n 
mi. mm. i^2umTh*).TUeomm^mt. 
mm. m. sjumt^t^s. wmMvftm&m 
mizBf&.ztix^&t. ryf-t ^.-xmth^mit^ 
40 d 3 y|g*5^o«{c^-fc®)£?^-r. mjmtti>£. 

IZV>X\ T->mzLXWmz\m*Wz^:. 
t^-Xffi^^fL^rttc^-^jg^^. znwt 
tfivmi s*mitz>£ oizmmAitzs i o 2 ^ 
^i 9^*sl. iti*¥ffl>(b-ri.. zco±.izs i o 
2 ^K2 ltrnm-t. z<vimmi 9. 2\<nmL 

0>f$>ft£MffilftlZX. v -f- yy LX AD TX 9)VM 1 8<0 
^ffi*5gtti-rs J: d izmM 1 0 ZBfcth . 

[ooi7]«iigM2i±. immi9. 21t«$ 
ixfzmfi&iom&kRtmfisiii oftx-mftLx^z, 

50 AD T^<^;^ 1 8^*ffi±(C2 0/7 0 n mggcOW 
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$Sr*-fl.Ti/TiNA>JT^^H8Sr^)£L, <I 
tlZTmt LXZ?>±.lZfm$)l 0 0 0 nm<7)Sil2T 

«ffi^fli)SLTv^. ®2T;i/5-^Aiasi 
•rsi^fc:. sio 2 «gi2 2«u -e<7)±ts 

X\ 037!>ID3l7£#!$LT3M£tfc§si5 (FPGA) <D 
?£05li. gi£lg»rffi0. 06tt, -e^BfBS0T'fc 
JtFPGA^LTV^. 0714. FPGAcOlSBIIilffi 

rat»«?n^ffisasfcffia$n^r>^t *-x (a 

F) *-?«0*^Tl''f S-^tTV^. 07t*r<ta 
fc s AF£^30fcL EI82. 1 liafc«WS*U #S 

06T«i. r;PS-«>AISK2. 1 l<04-?c0«*jfc&< 
*W|%0£ffltf>2^g^fc:AF*?3 0£ 

[0018] isv^y^mfamummMZMmio 

0 0 n mggOB P S GffcSSK 1 5 iWJWSftTV** . 

tTi/Ti NSr20/70nmSJgX/\- ^yyX 
U ^<0iC7^$-W 0 0 nmgS^A>y ^ (J 
i^U -eoifcrr i /T i N^20/70nmgIX 
Ay^yy/t4. 7*M/y'Xh (05k-£ 

•f) fcVX^hLT. .T*Ui><9«JI#:£RIE (Ractiv 
e Ion Etting) X^fy/UTftil 6. MlT^S. 

-■7A15S2 x ryf-b jl-xst^o^ i <»w&X'h& 
wwfAmnvMkth (03) . #we. its 
400 nmigws i o 2 mmammamt tx 

"J-fcbfe* HWt*i'i'7> ( S i ( OC2 Hs ) 

4 ) <r>mmi,zX> f )&&LZti&. ifcwc. y*hU*Jx 

h£vz?£LXTyi-t ^.-xm^mKomn 7 
±mmm^R 1 Eizx ommtzji^y^Lxm 

imm-h . JR 1 0«fiS 1 7tt. Ti/Ti 

T. TEOS-S i O2 tTi/Ti N«ji#[Jta*iSH 
^•Cx.y^y^fcfro. 

[ 0 0 1 9 3 itz . iffflj? 5 fcx-^>*#< <fc 3 t^tt 

Ji\ 0. IPSfflJff5±S&7)Pg£l-2 
xxm*iJgiT&& (04) . ifrvc, *ms&fflgl_h 

^ffl^Jt*U. 2feN/SiS0. e-CASvUnyg 
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1 0 

<mz 2 onmmmmzit. -eo±t, t i 1 o 

0 n mggX'\-7 9 U . OVV?? * V WX V 

*~?X9bLX. RIEXteCDE (Cheiical DryEtch 
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